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(54) Abstract Title 

Digital receiver in which user is audibly informed on drop in signal quality 

(57) In analog receivers hissing accompanies poor reception. In digital receivers no such forewarning of 
signal loss occurs and so some indication may be artificially provided. This application describes the use of 
audible tones whose number indicates the signal quality. The tones may be delivered at a convenient position 
in the speech signal. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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A Radio Receiver 

Field Of Invention 

This invention relates to a radio receiver particularly, but not 
exclusively, for use in a digital portable radio. 

Background Of The Invention 



Users of portable analogue radio transmitting and receiving apparatus 
will be familiar with the loss in signal quality that accompanies use 

15 close to the limits of reception. As the signal gets weaker because of the 
increase in range or by approach to a poor reception area the quality of 
the received signal is readily apparent to the user. The user is thus 
aware that the limits of the coverage are being approached and can walk 
around the poor reception area or otherwise prepare for a break in 

20 contact. 

With digital radio communication there is little or no warning of the 
range of coverage being reached for quality is maintained to the point 
when the transmitted signal is lost. This can be very frustrating to a 
25 user of the radio for the user does not have the opportunity to "walk- 
around" the poor reception area or else to prepare for the break in 
contact. 

One known attempt to alleviate this problem has been to introduce so 
30 called "comfort noise" at a received audio level which varies in an 
inverse manner to the received signal strength. This artificially 
recreates the gradual degradation present in analogue systems. Thus, 
while an indication is given to the user that the limits of coverage are 
being reached the audio signal is also be degraded in quality. 
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Summary of the Invention 

Therefore, it is an object of the present invention to 
provide a warning mechanism in a digital wireless system to 
notify users that a mobile unit is moving out of 
5 communication range. 

One advantage of such a warning mechanism is to notify 
the user of mobile unit that the mobile unit is moving out 
of communication range, so that, if convenient, the user 
can cease moving out of range. 
10 In accordance with one aspect of the present invention 

there is provided a wireless unit for use in a digital 
wireless telecommunications system, said wireless unit 
comprising : 

means for receiving a digital signal; 
is means for determining a parameter measuring the 

transmission quality of said digital signal; 

comparison and control means for evaluating 
whether said parameter satisfies a first criteria; and 
indicator means, responsive to said comparison 
20 and control means, for providing an indication thac 

the received digital signal has failed to satisfy said 
first criteria. 

In such a system, the parameter indicating signal 
transmission quality can be, for example, the RSSI, the BER 

25 (Bit Error Ratio), the carrier- to-noise ratio, the carrier- 
to-interference ratio, etc.. The first criteria can be, 
for example, a simple threshold level which the received 
signal strength is to exceed in order to satisfy the 
criteria, or alternatively the first criteria can be the 

30 result of a decision tree evaluating a combination of 
parameters . 

The indicator means can provide the user with a visual 
indication, an audible indication, or both. The audible 
indication can include tone, beeps, etc.. For voice 
35 systems, in a preferred embodiment, the system inserts an 
audible indication, in the form of noise, as the received 
signal screriovi- varies. The noise i := inn f rrt'-d :;; . \\"\, •■• 
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manner that a digital mobile unit, which incorporates the 
preferred embodiment of the invention, mimics the behavior 
of an analog mobile unit which is moving out of range, in 
order to provide a readily identifiable indication to the 
user that the wireless handset is about to go out of range. 

Preferably such a system can be used to indicate to 
both users of wireless units, and to telephone users which 
are in communication with wireless units, that 
communication is about to be lost. This is useful, for 
example, so that the two parties can wrap up their 
conversation in an orderly manner. Therefore, it is 
advantageous for such a warning mechanism to be included in 
a digital wireless units in general, wherein the wireless 
unit can be either a mobile unit, or a base station for 
15 communicating with mobile units and/or the PSTN. For 

example, the warning mechanism can be installed in a base 
station, so that when the base station receives a weakening 
signal from a mobile unit, the base station adds the 
audible indication to the voice signal which is then sent, 
for example, to the Public Switched Telephone Network 
( PSTN ) . 

In accordance with another aspect of the present 
invention there is provided a method for providing an 
audible indication that a mobile digital wireless unit is 
moving out of communication range comprising the steps of: 

a) receiving a digital signal; 

b) determining a parameter measuring the 
transmission quality of said digital signal; 

c) evaluating whether said parameter satisfies a 
first ciiteria; and, 

d) responsive to said parameter failing to 
satisfy said parameter, providing an audible 
indication that the received digital signal has failed 
to satisfy said first criteria. 
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Brief Descri ption of the Drawings 

The present invention, together with further objects 
and advantages thereof will be further understood from the 
following description with reference to the drawings in 
5 which: 

Figure 1 is a block diagram illustrating a mobile unit 
incorporating an embodiment of the present invention: 

Figure 2 is a. graph illustrating how the speech 
quality of a received call decreases as the RSSI decreases, 
10 and the corresponding preferred levels of noise insertion; 

Figure 3 is a flow chart illustrating the steps 
carried out by the embodiment of figure 1; 

Figure 4 is a graph illustrating the levels of noise 
inserted by one embodiment of the invention as the RSSI 
15 decreases; 

Figure 5 is a block diagram illustrating an 
alternative embodiment of the invention, wherein the 
wireless unit is a base station connected to the PSTN; and 

Figure t is a block diagram illustrating an 
20 alternative embodiment of the invention. 

Detailed Description of the Preferred Embodiments 

A simplified block diagram of a mobile wireless unit 
incorporating an embodiment of the invention is shown in 

25 Figure 1. Such a mobile unit has an antenna 10 for 

receiving radio frequency (RF) signals. The antenna 10 is 
connected to the RF/ IF (radio frequency / intermediate 
frequency) circuitry 20. The RF/ IF circuitry 20 includes 
conventional circuits for tuning the system to the desired 

?.o RF channel and amplifying the incoming RF signal to a 
sufficient level . 

The demodulator 30 demodulates the signal from the 
RF/IF circuitry in order to recover the digital bit -stream 
representing the encoded speech transported by the RF 
signal. A number o£ demodulation \ ech.ni ques can be used, 
copending on the particular digital wireless technique i — f-'i 
? 1 -it i: : c i q : r ; : ] hi " - st i ~ . ".'\i>v der.od« 1 1 .-: • *-d 
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digital bit stream, shown at 35, is then applied to the 
decoder portion of an appropriate CODEC 40 which decodes 
the signal and produces an analog signal corresponding to 
the original speech signal. In a conventional wireless 
unit, this analog speech signal 45 would then be sent to 
the unit's audio output circuitry 55, which controls the 
volume and sufficiently amplifies the signal 45 to drive 
the speaker of earpiece 70, as is known in the art. 
However, in the embodiment shown, the analog signal forms 
one input of a conventional summing circuit 50, as will be 
described hereinafter. 

Meanwhile, the RF/IF circuitry 20, which includes 
Received Signal Strength Indication (RSSI) circuit 25, 
produces a signal representing the RSSI . Of course, as 
discussed, alternative parameters, e.g., the BER, could be 
measured instead of, or in addition to the RSSI. The RSSI 
is evaluated by a comparison and control module 60, the 
operation of which will be described with reference to 
Figures 2, 3 and 4. The output from the control module 60 
is a control signal which controls the unit's indicator 
means for indicating to the user that the mobile unit is 
moving out of communication range. In the embodiment shown 
in figure 1, the comparison and control module 60 controls 
the digitally controlled attenuator circuit 56. The 
attenuator 56, for example an operational amplifier with 
digitally selectable feedback resistors, attenuates a noise 
signal produced by a noise source 58. The attenuated noise 
output from attenuator circuit 56 constitutes the other 
input to - the summing circuit 52. The summing circuit 52 
combines the attenuated noise with the analog signal 45 
generated by the CODEC 40. The output of the summing 
circuit 52 is applied to the earpiece of the handset 70 in 
a conventional manner. 

PreferaMy, the indicator means inserts noise in such 
a manner thai the unit produces audible output similar to 
that producer by an analog wireless unit as it moves out oi 
i. iii :. ■ . /-.:; impl'r r: : mv;i i ir; v/h-*:. -:':\ f -: noise should : «*r 
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inserted, and the level of noise insertion, is illustrated 
in Figure 2. The upper diagram of Figure 2 illustrates how 
voice quality varies typically with respect to RSSI in a 
digital wireless system. By viewing this diagram from the 
5 upper right corner to the lower left corner, this diagram 
illustrates how the voice quality of a received 
transmission, represented as curve 100, degrades as the 
RSSI decreases. To provide the out -of -range alerting 
indication, Threshold 2 is chosen as the value of RSSI 

10 where voice quality begins to degrade rapidly. Threshold 1 
is then chosen as the value of RSSI at which the warning of 
imminent reduction in voice quality should start. This 
depends on the amount of warning desired prior to the 
connection becoming degraded. A suitable value for 

is Threshold 1 is 10 dB higher than Threshold 2. 

In operation of the embodiment shown in figure 1, a 
noise signal is produced constantly by the noise source 5c 
at the maximum insertion level. The lower diagram in 
Figure 2 shows an example of the variation in the level cf 

20 noise insertion as the value of RSSI crosses Thresholds 1 

and 2. when the RSSI is greater than Threshold 1, the level 
of noise insertion is chosen to be just below the noise 
floor coming from the codec, so that there is effectively 
no noise insertion. In other words, the attenuator 56 

25 sufficiently attenuates the noise signal, so that 

effectively no noise is inserted. As a mobile unit moves 
away from a base station, the RSSI of the signal received 
by the mobile unit decreases. As the RSSI drops below 
Threshold 1, noise is gradually inserted (i.e., the degree 

:<o of attenuation decreases), until the RSSI drops below 

Threshold 2, at which point the level of noise insertion : 
at the maximum desired level. A suitable value of noi^e 
insertion is 30 dB above the value corresponding to no 
noise insertion . 

• r - As shown in Figure 1, the noise source 58 constantly 

generates a noise signal, which if not attenuated, will b-v 
nt ch-r 5 u mming circuit 52, i^nci then to th<r »-a : p : 'r-v-.* 
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70, regardless of whether a call is in progress. As 
discussed, when no call is in progress, the noise signal 
produced by noise source 56 is effectively fully attenuated 
by attenuator 56. A switch (not shown) can be employed for 
5 turning the noise source on only when a call is in 

progress, or alternatively, only once the first threshold 
is reached. As an alternative (not shown), the attenuator 
can be replaced with an amplifier which amplifies a low 
power noise signal as needed in order to insert appropriate 

10 noise levels. 

Furthermore, as another alternative, noise source 58 
can produce a tone of a specific pitch, and the comparison 
and control module 60, in conjunction with a tone 
manipulation module ( not shown) can vary the audible 
is characteristics of the tone (e.g. the cadence, pitch, 

level) by, fcr example, a voltage controlled oscillator 
(not shown), in response to the extent the received signal 
fails to satisfy the firsc criteria. 

A simplified flow-chart illustrating the steps taken 
by the comparison and control module 20 incorporated within 
a cordless telephone in accordance with Figure 1 is shown 
in Figure 3. The -first step 150 is to check whether a call 
is in progress, so as not to insert noise when the wireless 
handset is inactive. If a call is in progress, the RSSI is 
25 sampled, as shown at 160. Samples of RSSI are taken at 
short intervals (2 milliseconds is a suitable choice) . 

Either the value of the RSSI sample, or the average 
RSSI value taken over a short time period, is then compared 
tc Threshold 1, as shown at 170. If the RSSI is above 
Threshold 1, according to the upper diagram in Figure 2, a 
s ionai is ser.: to the digital attenuator to cut off the 
noise insertion, as shown at step 180. If the evaluation 
oi the RSSI at step 170 determines that the RSSI is below 
Threshold 1. Die system then determines whethei Die RSSI : 
above ' Threshc Id 2 at step 190. 

If the FSSI is above Threshold 2, a signal is sen': to 

• ■,, ,ii':-;r.-jl e! O! , a.-: r-UiOW!: ; 'i <ip 200. Id'.-'j'. iy. 
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the system will provide a continuously variable level of 
noise insertion which increases as the RSSI level decreases 
from the level of threshold 1 to the level of threshold 2 . 
The bottom part of Figure 2 shows- a possible relationship, 
5 where the level of noise insertion is inversely 

proportional to the RSSI between thresholds one and two. 
However, it is simpler, and in most cases satisfactory., for 
the control module 60 to send signals to the attenuator 56, 
in a series of steps as the RSSI decreases from Threshold 1 

10 to Threshold 2, as shown in Figure 4. In Figure 4, each 
sub-range of RSSI corresponds to a discrete step of 
attenuation, i.e.., a step in the noise insertion level. A 
suitable number of steps is 10. 

If the value of RSSI (at step 190) is equal to or 

is below Threshold 2, this indicates, according to the upper 
diagram cf Figure 2, that voice quality has likely already 
deteriorated, and a signal is sent to the digital 
attenuator to hold the level of noise insertion at its 
maximum value, as shown at step 210. 

20 Alternatively, threshold 2 can be selected at some 

level intermediate threshold 1 and the level at which 
speech is likely to deteriorate. In this case, threshold I 
represents an initial level of warning, and threshold 2 
would represent a second level of warning. In such a 

2^ system, once the parameter (e.g.; the RSSI) decreases below 
threshold 2, the audible characteristics of the audible 
indication is varied. For example, the slope of the noise 
insertion can be steepened, or a warning tone can be added 
to (and/or substituted for) the inserted noise, so that tn>- 
user is notified that the mobile unit as moved even cio.r.e: 
to the limit of communication range. 

Figure : . illustrates an embodiment of the invention 
i n co r po i a t ed w i t h i n a base s r :i z i o n . Th i s embod i me n t i ? 
sinuL:i co that shown in figure I, bur wherein the outpu' 
from i: h*f' i-unviing circuit: 50 i:j sem. to the base st-:v J o:. ' ■" 
line mteiTcio: circuitry "J5T;, rath';-: than the v.-:\:> : j « ■ '. 
■ i ; k : : ■ ■ • ■ r ' u \ t ?y . r f a-" * ■ 
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355 forwards the output from summing circuit 50 (i.e., the 
voice signal plus inserted noise) to the PSTN. In this 
system, if a mobile unit moves out of range of a base 
station incorporating this embodiment, the person 
conversing with the mobile unit user will hear an audible 
indication (e.g., the inserted noise) that communication is 

about to be lost . 

Figure 6 illustrates an alternative embodiment in 
which the received signal is not decoded initially, but 
rather, is decoded after a digital noise source is 
digitally inserted. In this embodiment, a digital noise 
source 590 i? digitally attenuated by a digitally 
controlled digital attenuator 580, which receives control 
signals from the comparison and control module 70 in the 
is same manner as figure 1. Other differences between the 
embodiment of figure 6 and the embodiment of figure 1 
include the replacement of CODEC 40 with decoder 541, which 
converts the digitally encoded speech signal (in whatever 
coding scheme is used in the particular case) to linear 
2C (also known as uniform) pulse code modulation (PCM), i.e.., 
where che quantization steps are all equal. The output 
from this decoder is then digitally combined with digital 
noise by the digital summing circuitry 550, and then 
converted to analog by a digital cc analog converter 553. 
2=- This alternative embodiment can be used conveniently in the 
base station, wherein, rather than converting the digital 
signal (including any added noise) to analog, the digital 
output is sent directly to the FSTN by means of suitable 
line interface circuitry. 

In cellular, or cellular-like networks, communication 
is generally not lost as the RSSI decreases, but rather, 
the call is handed off to another channel with a signal 
which can be more clearly received by the mobile unit. In 
sucl"! circumstances, it would be undesirable to insert 
noiS'-r, as eel I ular- systems attempt to make hand-off occur 
wi>:v^:: a iv/ indication to :he u^ei . It the mobile unit is 



3 0 



n^.wo: k. t hi • i pi'ef- 



BAD ORIGINAL 



- 10 - 



below the threshold level for hand-off, so that hand-off 
occurs, if possible, before the RSSI decreases below 
threshold 1. In which case, the audible indication would 
only be provided if the RSSI has decreased below threshold 
5 1, implying hand-off is not available. 

Numerous modifications, variations and adaptations may 
be made to the particular embodiments of the invention 
described above without departing from the scope of the 
invention, which is defined in the claims. 
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WHAT IS CLAIMED IS: 



1. A wireless unit for use in a digital wireless 
telecommunications system, said wireless unit comprising: 

means for receiving a digital signal; 

means for determining a parameter measuring the 
transmission quality of said digital signal; 

comparison and control means for evaluating 
whether said parameter satisfies a first criteria; and 

indicator means, responsive to said comparison 
and control means, for providing an indication that the 
received digital signal has failed to satisfy said first 
criteria . 

2. A wireless unit as claimed in claim 1, wherein 
said indicator means includes means for generating an 
audible indication. 

3. A wireless unit as claimed in claim 2, wherein 
said indicator means further comprises variation means for 
varying the characteristics of said audible indication in 
response to the extent said parameter fails to satisfy said 
first criteria. 

4. A wireless unit as claimed in claim 2 or 3, 
wherein said comparison and control means additionally 
evaluates whether said parameter satisfies a second 
criteria and wherein said indicator means further comprises 
variation means, responsive to said comparison and control 
means, for varying the characteristics of said audible 
indication depending on hov; said parameter compares with 
said first criteria and with said second criteria. 

5. A wireless unit, as claimed in claim 2, 3 or 4 
wherein said wireless unit is a mobile unit having an 
earpiece, said mobile unit further comprising a summing 
circuit for combining said audible indication with said 
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received signal and means foi applying che combined signal 
to the earpiece of said mobile unit. 

6. A wireless unit a claimed in claim 3 wherein said 
5 wireless unit is a base station connected to a telephone 

network, said base station further comprising a summing 
circuit for combining said audible indication with said 
received signal and means for sending the combined signal 
to the telephone network. 

10 

7. A wireless unit as claimed in claim I, wherein 
said indicator means comprises insertion means for 
combining a sample of noise with the received signal. 

15 8. A wireless unit as claimed in claim 7, wherein, 

said indicator means further comprises variation means for 
varying the audible characteristics of said noise inserted 
in relation to the extent the parameter fails to satisfy 
said first criteria. 

20 

9. A wireless unit as claimed in claim 7 or 8, 
wherein said indicator means further comprises a noise 
source for generating noise; and wherein said variation 
means comprises attenuation means, responsive to said 

25 comparison and control means, for fully attenuating said 
noise while said parameter satisfies said criteria and 
partially attenuating said noise if said parameter fails to 
satisfy said first criteria, the degree of attenuation 
decreasing as the parameter departs further from satisfying 

30 said first criteria. 

10. A wireless unit as claimed in claim 9, wherein 
said comparison and control means additionally evaluates 
whether said parameter satisfies a second criteria and 

35 wherein said digital attenuator attenuates said noise 

pattern at a constant level once said parameter fails to 
satisfy said second criteria. 
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11. A wireless unit as claimed in claim 8, wherein: 
said parameter is the Received Signal Strength 

Indication (RSSI) of said signal; 

said first criteria is a first threshold; 

said indicator means further comprises a noise 
source for generating noise; and wherein 

said variation means comprises a digital 
attenuator for attenuating said noise pattern in a series 
of steps as said RSSI decreases from said first threshold 
to a second threshold. 

12. A wireless unit as claimed in claim i, wherein 
said wireless unit is adapted to hand-off a call in 
progress to another channel if the parameter fails to 
satisfy a hand-off threshold, and wherein said parameter 
will fail to satisfy said hand-off threshold before said 
parameter will fail to satisfy said first criteria. 

13. A method for providing an audible indication 
that a mobile digital wireless unit is moving out of 
communication range comprising the steps of: 

a) receiving a digital signal; 

b) determining a parameter measuring the 
transmission quality of said digital signal; 

c) evaluating whether said parameter satisfies a 

first criteria; and 

d.) responsive to said parameter failing to 
satisfy said parameter, providing an audible indication 
that the received digital signal has failed to satisfy said 
first criteria. 

14. A method as claimed in claim 13, further 
comprising the step of varying the audible characteristics 
of said audible indication depending on the degree said 
parameter fails to s^LS.iy -iid first criteria. 
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15. A method as claimed in claim 13 or 14, further 
comprising the steps of additionally evaluating whether 
said parameter satisfies a second criteria and, responsive 
to said evaluations, varying the audible characteristics of 

5 said audible indication depending on how said parameter 

* compares with said first criteria and with said second 
criteria. 

16. A method as claimed in claim 13,14 or 15, wherein 
said step of providing an audible indication comprises the 

10 step of inserting a sample of noise into the digital 
signal. 

17. A method as claimed in claim 13,14 or 15, 
wherein said step of providing an audible indication 
comprises the step of inserting a sample of noise into an 

15 analog signal derived from said digital signal. 

18. A method as claimed in claim 16, further 
comprising the step of, responsive to said evaluating step, 
fully attenuating said noise while said parameter satisfies 
said criteria and partially attenuating said noise if said 

20 parameter fails to satisfy said first criteria, the degree 
of attenuation decreasing as the parameter departs further 
from satisfying said first criteria. 

19. A method as claimed in claim 16, further 
comprising the step of, responsive to said evaluating step, 

25 attenuating said noise in a series of steps as said 

parameter decreases from the level of said first criteria 
to the level of a second criteria. 

20. A wireless unit substantially as hereinbefore 
described with reference to Figs 1 to 4, Fig 5 or Fig 6 of 

* 30 the accompanying drawings. 

21. A method for providing an audible indication that 

* a mobile digital wireless unit is moving out of 
communications range, substantially as hereinbefore 
described with reference co Fibs 1 to 4, Fig 5 or Fig 6 ot 

3 5 the accompanying drawings . 
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